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Abbreviations 

 

AAV2: Adeno-associated virus type2 

AMPA: α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor 

BDA: Biotin dextran amine 

BDNF: Brain-derived neurotrophic factor 

BFP: Blue fluorescent protein 

CNS: Central nervous system 

DTI: Diffusion tensor imaging 

GABA: Gamma-aminobutyric acid 

Kir2.1: Inwardly-rectifying potassium channels 2.1 

M1: Primary motor cortex 

M2: Secondary motor cortex 

nAchR: Nicotinic acetylcholine receptor 

NCAM: Neural cell adhesion molecule 

NMDA: N-methyl-D-aspartate receptor 

O-2A: Oligodendrocyte-type2-astrocyte 

OPCs: Oligodendrocyte precursor cells 

PHAL: Phaseolus vulgaris-leucoagglutinin 

PLP: Myelin proteolipid protein 

PSA-NCAM: Polysialylated neuronal cell adhesion molecule 

RV: Rabies virus 

RV-GFP: Rabies virus harboring the gene encoding GFP 

S1: Primary somatosensory cortex 

TTX: Tetrodotoxin 

vg: viral genome 

 



6 

 

Summary 

 

Oligodendrocytes myelinate multiple axons in the central nervous system (CNS). 

Conduction velocity of myelinated axons is at least 50 times faster than that of 

unmyelinated axons. Myelin is also important for axonal survival because 

oligodendrocytes metabolically support axons via myelin. In contrast to a Schwann 

cell that myelinates an axon in the peripheral nervous system, one oligodendrocyte 

myelinates multiple axons in the CNS. A recent paper reports depolarized 

oligodendrocytes increase conduction velocity of neuronal axons they myelinate. This 

brings up an idea that depolarization of one oligodendrocyte increases conduction 

velocity of multiple axons that are myelinated by one oligodendrocyte simultaneously. 

 

To address this issue, it is important to understand the interaction between each 

oligodendrocyte and neuronal axons more precisely. High density of oligodendrocytes 

in the CNS prevents us from observing each oligodendrocyte morphology by the 

regular method to visualize oligodendrocytes. I found attenuated rabies virus sparsely 

labels oligodendrocytes in the white matter of the mouse brain and adeno-associated 

virus type2 (AAV2) efficiently labels neuronal axons. Interaction between each 

oligodendrocyte and neuronal axons was successfully detected by dual injection of 

attenuated rabies virus and AAV2 into the mouse brain.  

 

To visualize processes of each oligodendrocyte and its myelinating axons derived 

from different brain areas, AAV2-DsRed2 and AAV2-BFP were injected into motor 

cortex and sensory cortex, respectively, and attenuated rabies virus harboring the gene 

encoding GFP was injected to the corpus callosum. About a half (58.4%) of callosal 

oligodendrocyte ensheathed axons derived from both motor and sensory cortex, 

whereas the other half ensheathed axons derived from either motor cortex or sensory 
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cortex. Therefore callosal oligodendrocytes were classified into 3 groups: 

oligodendrocytes that are dominantly myelinating axons derived from 1) motor cortex, 

2) sensory cortex, 3) both brain regions. This result was different from myelination on 

axons derived from an identical brain region of each hemisphere: majority of callosal 

oligodendrocytes evenly myelinated axons derived from each hemisphere. These 

results suggest that callosal oligodendrocytes of mice distinguish axons derived from 

different brain regions but not from the same region of the brain even when they are 

from different hemispheres. 

 

To investigate chiasmal oligodendrocyte myelination on axons derived from each 

eyeball, AAV2-DsRed2 and AAV2-BFP were injected, respectively. About a half of 

chiasmal oligodendrocytes dominantly myelinated axons derived from one of eyeballs 

in contrast with majority of callosal oligodendrocytes that evenly myelinated axons 

derived from each hemisphere. The result suggests functional difference between 

chiasmal and callosal oligodendrocytes.  

 

It is known that oligodendrocytes initiate myelination on axons by sensing their axonal 

activity. However, it has not been shown whether one oligodendrocyte preferentially 

myelinates active axons or not after initiation of myelination. To examine whether 

each oligodendrocyte selectively myelinates highly active axons, I trimmed and 

sutured eyelids at postnatal day 10 and assessed chiasmal myelination on axons 

derived from sutured or intact eyes of 8-week-old mice. There were no significant 

differences between myelination on axons derived from sutured or intact eyes. This 

result suggests that chiasmal oligodendrocyte myelination does not distinguish active 

or inactive axons once myelination program is turned on. 

 

In this study, I developed a novel method to observe interaction between each 
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oligodendrocyte and neuronal axons, and revealed that there were 3 groups of callosal 

oligodendrocyte. There were significant differences between callosal and chiasmal 

oligodendrocytes myelination involving myelination on axons derived from bilateral 

hemispheres or eyeballs. This study reveals that some parts of oligodendrocytes 

selectively myelinate axons, depending on neuronal subtypes. This study also suggests 

activity dependent myelination does not occur after initiation of myelination.  
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Introduction 

 

Oligodendrocytes are glial cells that myelinate neuronal axons in the central nervous 

system (CNS). Myelin insulates axons to increase conduction velocity of neuronal 

action potentials. Myelin is also important for axonal survival because 

oligodendrocytes metabolically support axons through transport of lactate or pyruvate 

(Lee et al., 2012). Conduction velocity of myelinated axons is at least 50 times faster 

compared with unmyelinated axons (Nave, 2010; Emery, 2010). Rio Hortega (1928) 

first characterized oligodendrocyte by silver carbonate impregnation. In contrast to a 

Schwann cell that myelinates an axon in the peripheral nervous system, an 

oligodendrocyte extends many processes (Average 15) and ensheaths multiple axons 

(Bunge et al., 1962). Individual myelin internodes along the axon are constructed by 

different oligodendrocytes. Process number and myelin thickness constructed by a 

single oligodendrocyte vary among different CNS regions. For example, number of 

myelin internodes formed by an oligodendrocyte is higher in the corpus callosum than 

in the cerebellum (Weruaga-Prieto et al., 1996; Chong et al., 2011), and thickness of 

myelinated fiber is thicker in the cerebellum than in the corpus callosum 

(Weruaga-Prieto et al., 1996).  

 

A recent report showed depolarization of oligodendrocytes increases conduction 

velocity of neuronal axons (Yamazaki et al., 2007). This finding suggests that 

depolarization of one oligodendrocyte simultaneously increases conduction velocity of 

multiple axons, owing to multiple myelination by one oligodendrocyte. If one 

oligodendrocyte ensheaths neuronal axons that are involved in an identical neuronal 

circuit, depolarization of the oligodendrocyte comprehensively increases information 

processing of the neuronal circuit. Involvement of oligodendrocytes in modulation of 

neuronal function is further supported by the finding that neurotransmitter triggers 
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exosome transfer from oligodendrocytes to axons (Frühbeis et al., 2013).  

 

An idea that oligodendrocytes selectively myelinate neuronal axons is supported by 

several oligodendrocyte characters. For example, (1) pre-mature oligodendrocytes 

have a lot of processes compared with mature oligodendrocytes (Czopka et al., 2013). 

(2) Oligodendrocytes express neurotransmitter receptors, e.g., AMPA receptor (De 

Biase et al., 2011; Itoh et al., 2002), NMDA receptor (De Biase et al., 2010; Káradóttir 

et al., 2005) and GABA receptor (Gilbert et al., 1984; Von Blankenfeld et al., 1991). 

(3) Oligodendrocyte precursor cells (OPCs) make synapses to axons (Lin and Bergles, 

2004). These findings indicate that oligodendrocytes need to myelinate neuronal axons 

selectively. To address how oligodendrocytes select axons to myelinate, it is important 

to identify the neurons whose axons are ensheathed by each oligodendrocyte. Effective 

method to analyze each oligodendrocyte myelination is yet to be established because 

high density of oligodendrocytes in the CNS prevents us from detecting precise 

morphology of each oligodendrocyte. Chong and colleagues (2011) addressed to 

resolve this problem by transgenic mouse line whose oligodendrocytes were sparsely 

labeled by membrane associated EGFP, however, it was impossible to visualize 

oligodendrocytes in the specific brain area because extremely small number of 

oligodendrocytes were randomly labeled in this transgenic mice. In this study, I 

established a novel method to visualize interaction between myelinating 

oligodendrocytes and the myelinated neurons in the white matter of the mouse brain, 

and examined whether oligodendrocytes selectively or randomly myelinate axons. 

 

Previous studies report that active neurons promote myelination in vitro and in vivo. 

Gyllensten and Malmfors (1963) found the number of myelinated axons was 

decreased in the mouse optic nerve reared in the dark compared with that reared 

normally, and artificial eye openings of neonatal rabbits (postnatal day 5) increased 
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expression levels of myelin proteins (Tauber et al., 1980). Tetrodotoxin (TTX) 

administration for 2 days beginning on 7 days before initiation of myelination 

decreases the number of myelinated fibers by 80% in vitro (Demerens et al., 1996). 

These results indicate that myelination is regulated by axonal activity. Several factors 

released from axons in an activity dependent manner that are involved in the initiation 

of myelination have been identified, among which ATP (Ishibashi et al., 2006) and 

glutamate (Martinez-Lozada et al., 2014) are considered to play important roles. 

Lundgaad and colleagues (2013) showed neuregulin and BDNF are essential factors 

for glutamate dependent myelination. Gibson and colleagues (2014) used in vivo 

optogenetic techniques in awake animal, and confirmed that neuronal activity 

promotes oligodendrocyte proliferation and differentiation. Recent reports using MRI 

or diffusion tensor imaging (DTI) showed learning-dependent white matter changes 

(Fields, 2011). Human DTI study revealed juggling practice changes microstructure of 

subcortical white matter (Scholz et al., 2009). Although several lines of evidence 

showed that initiation of myelination is axonal activity dependent, it is unclear 

whether individual oligodendrocytes preferentially ensheaths active axons compared 

with inactive axons once myelination is initiated.  

 

Speed and timing of neuronal information transaction is essential for cognitive process 

and learning. An oligodendrocyte can modulate conduction velocity of neuronal axons 

and integrate their activity through multiple myelinations. To understand 

oligodendrocyte function in neural information processing, identification of neurons 

whose axons are entheathed by each oligodendrocyte is one of the first steps to be 

achieved. To address this issue, I established a new technique to visualize 

oligodendrocyte processes and axonal interactions in the mouse brain, and applied this 

technique to the mouse corpus callosum and the optic chiasmal axons derived from 

sutured eye. 



12 

 

Materials and Methods 

 

All animal procedures were conducted in accordance with the guidelines described by 

National Institutes of Health Guide for the Care and Use of Laboratory Animals, and 

the National Institute for Physiological Sciences Animal care and Use Committee. 

 

AAV2 vector production   

 

I ligated DsRed2 or BFP cDNA into pAAV2-based vector, which contains modified 

chicken β-actin promoter with a cytomegalovirus immediate-early enhancer. Dr. 

Kobayashi produced a recombinant AAV2-based vector containing the DsRed2 or BFP 

gene (AAV2-DsRed2 or AAV2-BFP) in accordance with the previous report (Ito et al., 

2007). AAV2 vectors were prepared by means of the previously described 3-plasmid 

transfection adenovirus-free protocol with minor modifications (Matsushita et al., 

1998, Okada et al., 2005). In brief, HEK293 cell (3×10 
6
cells in 10 cm tissue culture 

dish) were cotransfected with pAAV-RC2, pHelper (Cell biolabs, Inc) and 

pAAV2-DsRed2 or BFP. The crude viral lysate was purified with 2 rounds of cesium 

chloride ultracentrifugation. The titer of the viral stock was determined against 

plasmid standards by real-time PCR with primers 5’-CCGTTGTCAGGCAACGTG-3’ 

and 5’-AGCTGACAGGTGGTGGCAAT-3’ ; subsequently, the stock was dissolved in 

a buffer (50 mmol/L of HEPES [pH7.4] and 0.15 mol/L of NaCl [HN buffer]) before 

infection. 

 

Production of attenuated rabies virus-GFP (RV-GFP)  

 

Dr. Mori produced RV-GFP as described previously (Mori and Morimoto, 2014). 

About 1.0×10
4
 BHK-21 or BHK-T7/9 cells, the latter expressing T7 RNA polymerase, 
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were seeded into each well of a 6-well plate. Cells were transfected with plasmid 

coding full RV-GFP genome (2 µg pcDNA-HEP-ΔG-GFP) and helper plasmids 

encoding rabies nucleoprotein (RN; 1 µg pcDNA-RN), phosphoprotein (RP; 0.5 µg 

pcDNA-RP), and polymerase (RL; 0.25 µg pcDNA-RP) genes using TransIT-LT1 

(Takara), as described by the manufacturer. The plates were incubated for 2 days at 

32℃ in an atmosphere containing 5% CO2. The numbers of GFP positive cells 

producing HEP-ΔG-GFP in each well were counted. Cells from wells containing ＞ 

20 GFP positive cells were transferred to a 10 cm plate and transfected with 

pCAGGS-RVG. The culture medium containing RV-GFP was collected. The titers of 

RV-GFP were increased by three rounds of ultracentrifuge, resulting in 3.2×10
7
 

infectious units per ml of concentrated RV-GFP. 

 

Virus injection into the brain of mice 

 

I injected viral vectors into the brain of adult (8 weeks old) female C57BL6 mice. 

Mice were anesthetized with ketamine/xylazine solution and placed in a stereotaxic 

frame (Narishige) with mouse adapter. AAV2-DsRed2 and AAV2-BFP were 

stereotaxically injected into the somatosensory cortex of each hemisphere (1.0 mm 

posterior and ±1.5 mm lateral to the Bregma, at a depth of 0.3 mm) or the motor cortex 

and sensory cortex of identical hemisphere (1.0 mm posterior and 0.8 mm lateral 

(motor cortex), 3.0 mm lateral (sensory cortex) to the Bregma at a depth of 0.3 mm). 

After opening the skull around the injection site, 0.3 – 1.0µl of viral solution (1.0 - 

2.8×10
9 

viral genome (vg)) was injected through pulled glass pipettes (inner diameter 

20-30 µm) using air pressure. I waited for 3 min before withdrawing the pipette. 

Incisions were closed by wound clips. Two weeks later, One µl of RV-GFP was 

stereotaxically injected into the corpus callosum (1.0 mm posterior and 0.5 - 0.8 mm 

lateral to the bregma, at a depth of 1.0 mm). Mice were sacrificed 4 days after RV-GFP 
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injection. 

 

Virus injection into mouse eyeballs and the optic chiasm 

 

I injected AAV2-BFP and AAV2-DsRed2 to eyeballs of 6-week-old female C57BL6 

mice. Mice were anesthetized and placed in a stereotaxic frame as mentioned above. 

Intravitreal injection was performed using a pulled glass pipettes. AAV2 solution (1 µl: 

1.0×10
9 

vg) was injected to each eye through pulled glass pipettes (inner diameter 40 

µm) using air pressure. Two weeks later, 1 µl of RV-GFP was stereotaxically injected 

into the optic chiasm (0.2 mm posterior and 0.0 mm lateral to the bregma, at a depth of 

5.0-5.3 mm). Mice were sacrificed 4 days after RV-GFP injection. 

 

Monocular deprivation and virus injection 

 

Eyelids were trimmed and sutured under isoflurane anesthesia as previously described 

in P10 mice (Gordon and Stryker, 1996). The lid of the operated eye was sutured shut 

for 1 month after operation.  Eyes were re-opened under ketamine/xylazine 

anesthesia before AAV2s injection. Intravitreal injection was performed as mentioned 

above. Re-opened eye was re-sutured after the injection of AAV2s. Two weeks later, 

RV-GFP was injected to the optic chiasm as mentioned above and mice were sacrificed 

4 days after RV-GFP injection. 

 

Histology 

 

Mice were anesthetized and perfused transcardially with 4% paraformaldehyde in 

0.1M phosphate buffer (pH. 7.4). Brains were post-fixed in 4% paraformaldehyde 

overnight at 4℃. The optic chiasms were post-fixed in 4% paraformaldehyde 1-3h at 
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room temperature. The brains were embedded by 5% agarose before sectioning. The 

100 µm thick sections were obtained for the analysis of interaction between 

oligodendrocytes and neurons by vibratome. The sections and the optic chiasms were 

mounted and coverslipped by the general method. Alternatively, Post-fixed brains and 

optic chiasms were cryoprotected in PBS containing 20% sucrose overnight, 

embedded in OCT compound (Sakura Finetechnical Co., Tokyo, Japan), and cut into 

20 µm slice by cryostat (Leica CM3050, Germany) for in situ hybridization and 

immunohistochemistry. 

 

In situ hybridization 

 

The protocol for in situ hybridization was previously described (Ma et al., 2006). Rat 

GFAP cDNA and mouse PLP cDNA (Kagawa et al., 1994) containing plasmid was 

used to generate cRNA probes. The sections were treated with proteinase K and 

hybridized overnight. Binding of DIG-labeled cRNA probe was detected with an 

alkaline phosphatase-conjugated anti-DIG antibody and visualized with an NBT/BCIP 

alkaline phosphatase reaction.  

 

Immunohistochemical analysis 

 

Sections performed in situ hybridization were used after washing sections with PBS 

one time for 5 min. The sections were blocked by incubating with 10% normal goat 

serum in PBS-T (0.1% Triton-X100) for 1 hour at room temperature. Sections were 

incubated with rabbit anti-GFP polyclonal antibody (1:1000; Invitrogen, USA) at 4℃ 

overnight followed by incubation with biotinylated anti-rabbit IgG (1:400; Vector 

laboratories, USA) for 1 hour at room temperature. After washing with PBS-T for 5 

min three times, sections were incubated with ABC solution (horseradish 
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peroxidase-streptavidin-biotin complex, Vectastain ABC kit; Vector laboratories, CA, 

USA) 30 min. The sections were colored with 3,3’ – diaminobenzidine (DAB) solution 

with 0.03% H2O2. The sections were dehydrated with serial concentration of ethanol 

(70%, 80%, 90%, 100%), cleared with clear plus and were mounted with permount 

solution. 

 

Quantification of myelination 

 

The 100 µm coronal sections of brains and whole optic chiasm from mice injected 

with AAV2s and RV-GFP were analyzed for interaction between neurons and 

oligodendrocyte. The 60 or 100× Z-stack projections were acquired at 0.5 µm intervals 

using a Nikon A1R confocal laser scanning microscope system and NIS-element 

software (Nikon Corp., Japan). Oligodendrocytes that were able to interact with over 5 

axons labeled by each AAV2, and myelinated over 3 labeled axons by the 

oligodendrocyte were chosen to be analyzed. I defined myelinated axons as axons 

overlapped with oligodendrocyte processes for more than 20 µm. I defined 

myelination ratio as following, Myelination ratio = Number of labeled-axons 

myelinated by one oligodendrocyte / Total number of labeled axons that were 

reachable by the oligodendrocyte × 100 

 

 

 

 

 

 

 

 



17 

 

Results 

 

Attenuated rabies virus sparsely labeled oligodendrocytes in the corpus callosum. 

 

High density of oligodendrocytes in the white matter makes it difficult to observe 

individual oligodendrocyte morphology. If I conduct immunostaining with 

oligodendrocyte markers, I would not be able to recognize individual oligodendrocyte 

because huge amount of oligodendrocytes would be simultaneously labeled. Recently, 

Mori and Morimoto developed highly attenuated strain of glycoprotein-deficient 

rabies virus (RV) and reported that the RV labels not only neurons but also astrocytes 

and oligodendrocytes (Mori and Morimoto, 2014). I found that injection of the rabies 

virus harboring the gene encoding GFP (RV-GFP) into the corpus callosum and the 

optic chiasm of the mouse sparsely labeled oligodendrocyte-like cells (Fig. 1, A, B and 

2A). RV-GFP positive cells were doubly labeled by in situ hybridization for 

oligodendrocyte marker PLP mRNA and immunostaining for GFP. Over 80% of GFP 

positive cells were oligodendrocytes in the corpus callosum and the optic chiasm (Fig. 

1, C, D, E, Fig. 2, B, C and D). About 10% of the remaining GFP-positive cells were 

astrocytes, detected by double labeling of astrocyte marker GFAP mRNA and GFP 

(Fig. 1F). Since oligodendrocyte possesses fine processes (Fig.1B), its process length 

and morphology were distinguishable from astrocyte. These results indicate that 

RV-GFP is an useful tool to observe individual oligodendrocyte morphology in the 

white matter of the mouse brain. 

 

Observation of interaction between neuronal axons and an oligodendrocyte by 

the use of RV-GFP and AAV2s. 

 

AAV2 is applicable to anterogradely label neuronal axons in the CNS (Chamberlin et 
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al., 1998). AAV2-DsRed2 and AAV2-BFP were used to label neuronal axons 

projecting to contralateral side of the cerebral cortex through the corpus callosum in 

the mouse brain. These AAV2s were injected into sensory cortex (S1 hindlimb) of 

each hemisphere. Two weeks after AAV2s injection, I further injected RV-GFP to the 

corpus callosum to label callosal oligodendrocytes (Fig.3). Both oligodendrocytes and 

axons adjacent to the oligodendrocytes were successfully labeled by fluorescent 

proteins (Fig. 4). Consistent with a previous report (Sturrock, 1980), a small number 

of axons were ensheathed by one oligodendrocyte even though many axons located 

adjacent to the oligodendrocyte (Table 1.). This result suggests callosal 

oligodendrocytes do not randomly ensheath nearby axons adjacent to the 

oligodendrocyte. 

 

To analyze GFP positive oligodendrocyte myelination on axons expressing DsRed2 or 

BFP, I detected GFP-positive oligodendrocyte processes overlapping with axons 

(labeled by either AAV2-DsRed2 or AAV2-BFP) over 20 µm (Fig. 5, A, B and C). To 

further investigate GFP-positive oligodendrocyte myelination on labeled axons, Z 

series confocal images (identical to Fig. 5A) were modified by rotational 

morphological processing (Kimori et al., 2010), and extracted regions containing 

oligodendrocyte and labeled axons. These extracted regions were reconstructed as 

volume-rendered images (performed by Dr. Kimori). Three-dimensional 

reconstruction of confocal microscope images clearly demonstrated that GFP positive 

oligodendrocyte myelinated an axon expressing fluorescent protein (Fig. 5, D and E). 

These results indicate that fluorescent labeling with RV-GFP and AAV2s is a valuable 

tool for detecting interaction between each oligodendrocyte and neuronal axons. 

 

An callosal oligodendrocyte myelinated axons derived from motor cortex and 

sensory cortex.  
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To investigate callosal oligodendrocyte myelination on axons derived from specific 

cortical areas, I injected AAV2-DsRed2 or AAV2-BFP to motor (M2 and M1) or 

sensory cortex (barrel field), respectively. Two weeks after AAV2s injection, RV-GFP 

was further injected to the corpus callosum to label callosal oligodendrocytes. Axonal 

bundle paths were distinguishable between axons derived from motor cortex and those 

derived from sensory cortex (Fig. 6A). The longitudinal range of oligodendrocyte 

processes was about 50 µm (Fig. 6B). As a result, while oligodendrocytes in upper half 

of the corpus callosum predominantly ensheathed axons derived from motor cortex, 

oligodendrocytes in the lower half ensheathed axons derived from sensory cortex (Fig. 

6, C and D). 

 

Callosal oligodendrocytes that were able to interact with both sensory and motor axons 

were chosen to be analyzed. To explain the method briefly, Oligodendrocytes that were 

capable of interaction with 5 each labeled axons extended from each brain region and 

ensheathed over 3 labeled-axons were chosen to be analyzed. I defined ‘Myelination 

ratio’ as following, Myelination ratio = Number of labeled-axons myelinated by one 

oligodendrocyte / Total number of labeled axons that were reachable by the 

oligodendrocyte ×100. Each callosal oligodendrocyte myelination ratio toward sensory 

axons and motor axons were calculated and plotted to graph (See Figure legend 7A 

and Fig. 7A). About 1/4 (25.9%) of oligodendrocytes dominantly ensheathed axons 

derived from a specific brain area (distributed in Area 1 or Area 9 in Fig. 7A). To 

examine whether each oligodendrocyte randomly or selectively ensheaths motor axons 

and sensory axons, oligodendrocytes myelination ratio was analyzed by histogram 

(See Figure legend 7B and Fig. 7B). The histogram shows non-normal distribution, it 

indicates some oligodendrocytes selectively ensheath axons derived from a specific 

brain region. The histogram indicates that callosal oligodendrocytes were classified 
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into 3 groups: oligodendrocytes myelinating only axons derived from 1) motor cortex, 

2) sensory cortex, 3) both brain regions. Distribution of analyzed oligodendrocytes in 

the corpus callosum is presented schematically in Fig. 8. 

 

Analysis of myelination by each callosal oligodendrocyte in the entire corpus callosum 

region (including callosal oligodendrocytes localized upper or lower part of the corpus 

callosum) confirmed that 41.6 % of oligodendrocytes dominantly ensheath axons 

derived from a specific brain region (see Figure legend 7C and Fig. 7C ). Histogram 

analysis shows that many oligodendrocyte distributed in Area 1 or Area 9 (See Figure 

legend 7D and Fig. 7D). These results again showed that callosal oligodendrocytes 

were classified into 3 groups: oligodendrocytes myelinating only axons derived from 

1) motor cortex : distributed in Area 1, 2) sensory cortex: distributed in Area 9 and 3) 

both brain regions: distributed in Area 2-8 in Fig. 7D. . 

 

To analyze myelination on sensory axons and motor axons by each oligodendrocyte, I 

used 2-D dot histogram and compared myelination ratio of each oligodendrocyte on 

sensory axons and motor axons (Fig. 9). The result showed that each callosal 

oligodendrocyte tends to myelinate sensory axons more efficiently than motor axons. 

 

Callosal oligodendrocytes myelinated axons derived from each hemisphere. 

 

To examine myelination on axons derived from identical cortical area in each 

hemisphere, either AAV2-DsRed2 or AAV2-BFP were injected into sensory cortex (S1 

hindlimb) of both hemispheres, followed by labeling of callosal oligodendrocytes by 

RV-GFP. Majority of oligodendrocytes ensheathed axons derived from each 

hemisphere (85.7%) and a few numbers of oligodendrocytes (14.3%) distributed in 

Area 1 and Area 9 in Fig. 10A (see Figure legend 10A and Fig. 10A). Histogram 
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analysis of oligodendrocyte myelination on axons derived from both hemispheres 

showed normal distribution (Fig. 10). There were no significant differences among 

average of myelination ratio of each oligodendrocyte on axons derived from each 

hemisphere (Fig. 10C). These results showed callosal oligodendrocytes equally 

ensheath axons derived from identical brain region of each hemisphere.  

 

An oligodendrocyte dominantly myelinates axons derived from one of the 

eyeballs in the optic chiasm. 

 

To investigate chiasmal oligodendrocyte myelination on axons derived from each 

eyeball, AAV2-DsRed2 or AAV2-BFP were injected into each of the eyeballs 

(intravitreal) of 6-week-old mice, followed by labeling of chiasmal oligodendrocytes 

by RV-GFP (Fig. 11). Mice were sacrificed at 8-week-old when about 80% of the optic 

nerves were myelinated (Baba et al., 1999). In contrast to the result of callosal 

myelination (Fig. 10, A, B, C), 50.0 % of chiasmal oligodendrocytes dominantly 

myelinated axons derived from one of the eyeballs (Fig. 12, A and B). Preferential 

oligodendrocyte myelination in the optic chiasm indicates that each chiasmal 

oligodendrocyte monitors distinction between axons derived from one eyeball and 

those from the other eyeball. 

 

Analysis of activity dependent myelination by eyelid suturing. 

 

A recent study reports neuronal activity regulates oligodendrocyte proliferation and 

differentiation (Gibson et al., 2014). I performed individual oligodendrocyte analysis 

in the optic chiasm to examine whether its myelination was modulated by inhibiting 

light stimulation (eyelid suturing). I investigated difference in oligodendrocyte 

myelination between axons derived from intact eye and those from eyelid-sutured eye. 
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One of the eyelids was trimmed and sutured at P10. The lid of the operated eye had 

been sutured for 1 month after operation. Temporary re-opened eyeballs and intact 

eyeballs were injected with AAV2-DsRed2 or AAV2-BFP (intravitreal), respectively. 

Opened eyelids were resutured after the AAV2s injection. Ten days after AAV2 

injection, RV-GFP was injected into optic chiasm to label oligodendrocytes, and the 

mice were sacrificed 4 days after RV-GFP injection at 8-week-old (Fig. 13). I detected 

myelination by chiasmal oligodendrocyte on axons derived from both intact eye and 

sutured eye (Fig. 14). There were no significant differences between myelination 

towards axons derived from intact or sutured eye (Fig. 15, A and B). Average of 

myelination ratio of each oligodendrocyte on axons derived from sutured eye was 

comparable to that from intact eye (Fig. 15C). These results suggest that chiasmal 

oligodendrocyte myelination does not distinguish active or inactive axons once 

myelination program is turned on. 
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Discussion 

 

In this study, I established a novel method to observe interaction between 

oligodendrocytes and neuronal axons. It is difficult to identify neuronal axons 

ensheathed by each oligodendrocyte by means of the conventional methods. The high 

density of oligodendrocytes in the white matter prevents us from detecting precise 

morphology of each oligodendrocyte. I found RV-GFP sparsely labeled both 

oligodendrocyte soma and its fine processes, which enables us to observe myelination 

by each oligodendrocyte. As for labeling neuronal axons, AAV2 can label neuronal 

axons more efficiently compared with chemical neuronal tracers such as PHAL and 

BDA (data not shown). Observation of myelination on axons derived from specific 

cortical regions became possible by injection of RV-GFP and AAV2s into the corpus 

callosum and the targeted cortical areas, respectively. This newly established method 

can be used not only to visualize oligodendrocyte and neurons but also to alter their 

genes expression. It is a versatile tool for understanding interaction between 

oligodendrocyte and neuronal axons. 

 

Although this study found that RV-GFP sparsely labels oligodendrocytes in the white 

matter, the mechanism underlying RV infection to oligodendrocytes is unclear. 

RV-GFP labels HEK293 cells in vitro (Mori and Morimoto, 2014) and cultured 

oligodendrocytes (data not shown). The number of labeled cells increased in a 

concentration dependent manner. Although receptor for RV is not identified, nAChR 

and NCAM are thought to be involved in RV infection to neurons (Lafon, 2005), and 

these molecules are also expressed in oligodendrocytes (Rogers et al., 2001; Czepiel et 

al., 2014). It is intriguing to examine whether RV labels specific oligodendrocyte 

populations or not, however morphology of oligodendrocytes labeled by RV-GFP is 

identical to that previous characterized in the corpus callosum and the other brain 
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regions (Weruaga-Prieto et al., 1996; Chong et al., 2011). Further exploration of 

mechanisms underlying RV infection will be not only important for understanding 

usefulness of RV as a tracer but also for the pathology of rabies.  

 

Observation of each callosal oligodendrocytes revealed that callosal oligodendrocytes 

can be divided into 3 groups based on myelination to axons derived from specific 

brain regions. I cannot exclude the possibilities that accessibility of oligodendrocyte 

toward axons results in preferential myelination to axons derived from a specific brain 

area, even though oligodendrocytes that were able to interact over 5 each labeled 

axons derived from different brain areas were chosen to be analyzed. Trans membrane 

proteins regulate oligodendrocyte myelination. For example, the polysialylated form 

of the neural cell adhesion molecule (PSA-NCAM) is highly expressed on the 

membrane of neuronal axons before myelination, but is down-regulated once 

myelination initiates. PSA-NCAM acts as a negative regulator of myelination in vitro, 

probably by inhibiting oligodendrocytes from attaching to the axonal surface. 

Removal of PSA-NCAM is required for initiating myelination in vitro (Charles et al., 

2000).  F3/Contactin1 is a GPI-anchored neural cell recognition protein that promotes 

oligodendrocyte differentiation by interactions with Notch1 expressed on 

oligodendrocytes in vitro (Hu et al., 2003). It is possible that callosal oligodendrocytes 

distinguish axons derived from different brain regions by screening for membrane 

compositions.  

 

This study showed callosal oligodendrocytes evenly ensheath axons derive for 

identical brain area of both hemispheres. Previous reports demonstrated that 

cortico-cortico fibers of specific brain regions are asymmetrically myelinated in the 

human brain (Anderson et al., 1999). Asymmetric callosal myelination on axons 

derived from another brain region of mouse remains to be elucidated. It is intriguing to 
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investigate whether asymmetric somatosensory disorder affect myelination on axons 

derived from a specific brain region, for example, myelination on callosal axons 

derived from the barrel field is impaired by ablation of specific whisker. 

 

Functional property, distribution of neuronal cell body and myelinated axons vary 

among cortical areas. Previous paper reports that corticofugal axonal diameter shows 

variation among cortical areas and demonstrates that caliber of callosal axons that 

were derived from primary sensory cortex is larger than those derived from primary 

motor cortex in monkey (Tomasi et al., 2012). This study indicates that each callosal 

oligodendrocyte tends to myelinate sensory axons more efficiently than motor axons, 

and it may contribute to difference between axonal calibers because oligodendrocyte 

locally regulates growth of axon diameter (Colello et al., 1994).  

 

A half of chiasmal oligodendrocytes dominantly myelinated axons derived from a 

specific eyeball. In contrast to each chiasmal oligodendrocyte, callosal 

oligodendrocyte evenly myelinated axons derived from each hemisphere. Difference 

between callosal and chiasmal oligodendrocyte has been reported. While chiasmal 

origodendrocytes originate from a focal region of the ventral midline of the third 

ventricle in chick (Ono et al., 1997), callosal oligodendeocytes originate from 

subventricular zone in mice (Menn et al., 2006). Oligodendrocyte-type2-astrocyte 

(O-2A) progenitor cells of perinatal optic nerve were quite sensitive to X irradiation in 

contrast to O-2A cells of the corpus callosum, and O-2A progenitor cells in the optic 

nerve conduct early differentiation into oligodendrocyte, even though majority of 

O-2A cells in the corpus callosum has been undifferentiated after 2 weeks in vitro (van 

der Maazen et al., 1991). It suggests callosal oligodendrocyte tend to be 

undifferentiated compared with chiasmal oligodendrocyte. It is possible that chiasmal 

oligodendrocyte precursor cells immediately differentiate to mature oligodendrocyte to 
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increase conduction velocity, while callosal oligodendrocyte precursor cells 

differentiate in respond to extrinsic cause, e.g., neuronal action potential, membrane 

protein or humoral factors derived from neurons. The differences in myelination 

process between chiasmal and callosal oligodendrocytes have been reported. In the 

optic chiasm, the number of myelinated fibers start to increase at P10, and 70% of 

optic nerves are myelinated till one month after birth (Baba et al., 1999). In the corpus 

callosum, myelin sheathes initially appear P11, and early phase of myelination mainly 

occurred from P14 to P45 days (Sturrock, 1980). Although almost 100% of optic 

nerves are myelinated, over 50% of callosal axons are unmyelinated in adult mice, and 

callosal myelination continued to be conducted slowly up to 8 month. (Gyllensten and 

Malfors, 1963; Sturrock, 1980). These results suggest that callosal and chiasmal 

oligodendrocyte progenitor cells differentiate into mature oligodendrocytes with 

different timing and they myelinate axons in a different way.  

 

Gyllensten and Malfors (1963) reported that P30 mice reared in a completely dark 

condition show decreased number of myelinated axons by 12-13%. I analyzed 

chiasmal myelination of 8-week-old mice whose eyelid was sutured at P10. There 

were no differences between myelination on axons derived from sutured eye and 

axons derived from intact eye. These results suggest that chiasmal oligodendrocyte 

myelination does not distinguish active or inactive axons once myelination program is 

turned on. This experiment is insufficient to confirm activity dependent myelination 

because it is possible that chiasmal oligodendrocytes preferentially ensheathed axons 

derived from intact eye and myelination of these axons were completed until 8 weeks 

after birth, though myelination of axons derive from sutured eyes were delayed, but 

caught-up to the same level of those from intact eyes until when the mice were fixed 

and analyzed. Another possibility is that spontaneous neuronal activity in sutured eye 

contributed to evoke oligodendrocyte myelination. To further investigate activity 
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dependent myelination, experiments using neuronal activity inhibitor, e.g. Kir2.1; an 

inward rectifying potassium channel, should be performed. Although TTX inhibits 

voltage-gated sodium channels (Narahashi et al., 1960), some studies reported that 

intraocular injection of TTX had no effect on the myelination initiation and the 

number of myelinated axons (Colello and Pott 1997; Colello et al. 1995; Crespo et al., 

1995). Shrager and Novakovic (1995) found that myelin development was reduced, 

when spontaneous electrical activity was blocked by higher extracellular potassium 

concentration in mouse spinal cord explant culture, however not only neurons but 

oligodendrocyte may be also influenced by the elevation of K
+
. Inward rectifying K

+
 

channels (Kir2.1) enable entry of K
+
 into the cell (Hibino et al., 2010). Transfection of 

Kir2.1 gene into neurons reduces neuronal activity (Johns et al., 1999). To confirm 

activity dependent myelination, I am going to miss-express Kir2.1 in neurons and 

examine whether oligodendrocytes selectively myelinate intact axons compared with 

axons expressing Kir2.1. 

 

I characterized myelination by each oligodendrocyte in the white matter. The results 

presented here indicate hallmark of each oligodendrocyte myelination in the corpus 

callosum and optic chiasm. Timing of neuronal inputs is important to evoke action 

potentials of postsynaptic neurons, strengthen neuronal connections, induction of long 

term-potentiation (LTP) and long-term depression (LTD) (Dan and Poo, 2004). It is 

conceivable that myelinations of specific axons contribute to adjust timing of neuronal 

inputs. McKenzie and colleagues (2014) confirmed active myelination is essential to 

learn motor skill. I hypothesize that myelinations of specific axons are important for 

learning, because synchronized input from presynaptic neuron is required to LTP and 

LTD (Dan and Poo, 2004). This study confirmed many callosal oligodendrocyte 

ensheath axons derived from motor and sensory cortex. It is intriguing to study 

whether each oligodendrocyte ensheaths functionally rerated axons of each brain area. 
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The axon-selective myelination of oligodendrocyte could have a potential role in 

broad physiological implication. Although I developed a method to observe single 

oligodendrocyte myelination on fluorescent labeled neuronal axons and addressed 

their interaction, further studies are required to investigate axon-selective myelination 

by each oligodendrocyte.  
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Table 1. Characterization of GFP-positive oligodendrocytes (n = 45) in the corpus callosum and 

myelinated axons labeled by AAVs. Mean number of GFP-positive callosal oligodendrocyte processes, 

labeled-axons adjacent to each callosal oligodendrocyte, the number of myelinated labeled-axons and 

percentage of myelinated labeled-axons at 10-week-old mice. 

Age (weeks)
Mean no. of

oligodendrocyte processes

Mean no. of labeled-axons

adjacent to oligodendrocyte

Mean no. of myelinated

labeled-axons

Percentages of myelinated

labeled-axons (%)

10 21.0 (±0.6) 28.6 (±0.8) 3.2 (±0.1) 13.2 (±1.3)
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Figure legends 

 

 

Fig. 1. RV-GFP sparsely labeled oligodendrocytes in the corpus callosum.  

 

(A) GFP-positive oligodendrocyte-like cells were sparsely labeled by RV-GFP in the 

corpus callosum. (B) Confocal micrograph of the GFP expressing cell in the corpus 

callosum. The cell exhibits typical oligodendrocyte morphology. (C) Double labeling 

of PLP mRNA (blue color, in situ hybridization) and immunostaining with anti-GFP 

antibody (brown color). (D) High magnification view of the cell doubly labeled with 

PLP and GFP. (E) The number of callosal cells expressing GFP and PLP mRNA (or 

GFAP mRNA) was counted. Total number of PLP+/GFP+ and PLP-/GFP+ cells in the 

corpus callosum of 3 mice brains. (F) Total number of GFAP+/GFP+ and 

GFAP-/GFP+ cells in the corpus callosum of 3 mice brains. 

 

 

Fig. 2. RV-GFP labeled oligodendrocytes in the optic chiasm.  

 

(A) Oligodendrocyte-like cells were sparsely labeled by RV-GFP in the optic chiasm 

as well. (B) Double labeling of PLP mRNA (blue color, in situ hybridization) and 

immunostaining with anti-GFP antibody (brown color). (C) High magnification view 

of the cell doubly labeled with PLP mRNA and GFP. The number of cells doubly 

positive for GFP and PLP mRNA in the whole optic chiasm and neighboring optic 

nerve was counted. (D) Total number of GFP+/PLP+ and GFP+/PLP- cells in the optic 

chiasm and neighboring optic nerve of 3 mice. 
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Fig. 3. Schematic drawing and time course of viral injection to analyze callosal 

myelination.  

 

(A) Schematic drawing of AAV2 and RV-GFP injection. Magnified view describes an 

oligodendrocyte adjacent to axons derived from each hemisphere. (B) Time course of 

viral injection. 

 

 

Fig. 4. Confocal micrograph of oligodendrocytes and axons labeled by RV-GFP 

and AAV2s, respectively. 

 

Interaction between oligodendrocytes and axons was observed by the use of confocal 

microscopy. Z series confocal images were compressed to the pictures. (A) 

Oligodendrocytes in the corpus callosum were labeled by RV-GFP. (B-C) Axons 

derived from each hemisphere were labeled by AAV2-DsRed2 or AAV2-BFP. (D) 

Micrograph of (A), (B) and (C) were merged. 

 

 

Fig. 5. Three-dimensional reconstruction of confocal microscope images. 

 

Oligodendrocyte myelination was further analyzed in detail by Z series confocal 

images. (A) Confocal image of myelinated axons in the corpus callosum (Axons 

labeled by AAV2-DsRed2 (Red), axons labeled by AAV2-BFP (Blue) and 

oligodendrocyte labeled by RV-GFP (Green)). The lower and right insets indicate the 

X-Z and Y-Z cross section images, respectively. The white dashed line and the white 

square in the orthogonal view were attached. (B) Magnified views of the area 

surrounded by dashed line in Fig. 5A. The micrographs shows myelinated axon 
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labeled by AAV2-BFP (Blue) and myelinating oligodendrocyte process (Green). (C) 

Magnified views of squared area in Fig. 5A. The myelinated axon-labeled by 

AAV2-BFP (Blue) and myelinating oligodendrocyte process (Green). (D) Z series 

confocal images (identical to Fig. 5A) were modified by rotational morphological 

processing (Kimori et al., 2010) to extract the regions containing oligodendrocyte 

and labeled axons. These extracted regions were reconstructed as volume-rendered 

images. Over all view of 3D structure was shown. (E) Magnified internal structure of 

the myelinated axon (indicated by red dashed line in Fig. 5D). The data was processed 

to visualize bared axon by removal of myelin sheath. 

 

 

Fig. 6. Oligodendrocytes in the upper half and lower half of the corpus callosum 

ensheathed axons derived from motor cortex and sensory cortex, respectively.  

 

(A) Confocal image of a mouse brain that was injected with AAV2s into motor or 

sensory cortex, showing that axons derived from different cortical areas go through 

distinct paths in the corpus callosum (B) Confocal image of the oligodendrocytes and 

the nearby axons indicates that location of oligodendrocyte limits its interacting 

capacity with axons derived from specific brain areas. (C) Average number of 

myelinated labeled-axons derived from motor or sensory cortex in the upper half of 

the corpus callosum (n = 50). (D) Average number of myelinated labeled-axons 

derived from motor or sensory cortex in the lower half of the corpus callosum (n = 52). 

Data were presented with SEM ( *** p < 0.001, Student’s t test)  

 

 

Fig. 7. Analysis of each callosal oligodendrocytes myelination on axons derived 

from specific brain areas. 
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(A) To normalize the abundance of axons derived from each brain area, 

oligodendrocytes that were able to interact with over 5 each axons extended from each 

brain area and it ensheathed over 3 labeled-axons were chosen to be analyzed for its 

myelination. Myelination ratio was defined as following, Myelination ratio = Number 

of labeled-axons myelinated by one oligodendrocyte / Total number of labeled axons 

that were reachable by the oligodendrocyte ×100. Myelination ratio of each 

oligodendrocyte for sensory axons and motor axons was plotted as blue dots (n = 58). 

Graph area was divided into 9 areas for histogram analysis of oligodendrocytes 

distribution. Oligodendrocytes in Area 1 or 9 mean oligodendrocytes dominantly (> 

about 5-folds compared with axons derived from another brain region) or only 

ensheathed motor axons or sensory axons, respectively. Oligodendrocytes in Area 2-4 

or 8-6 mean whose myelination biased toward motor axons or sensory axons, 

respectively. Oligodendrocytes in Area 5 mean these oligodendrocytes evenly 

ensheathed sensory axons and motor axons. (B) Histogram for the number of 

oligodendrocytes in each 9 area in Fig.7A. A total of 25.9% oligodendrocytes were 

distributed in Area 1 and Area 9. The histogram showed that distributions of 

oligodendrocytes were atypically. (C) To analyze each callosal myelination by 

oligodendrocytes in the entire corpus callosum region, oligodendrocytes ensheathed 

over 3 labeled-axons and would be able to interact over 5 labeled axons (either or both 

of AAV2s) were chosen to be analyzed. Myelination ratio on sensory axons and motor 

axons of each oligodendrocyte was calculated and plotted (n = 89). Same as mentioned 

above, graph area was divided into 9 areas to histogram analysis. (D) Histogram for 

the number of oligodendendrocytes in each 9 area in Fig. 7C. A total of 41.6% 

oligodendrocytes were distributed in area 1 and 9, indicates that these 

oligodendrocytes dominantly or only myelinated axons derived from a specific brain 

regions. Trimodal shape of the histogram indicates that callosal oligodendrocytes were 
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classified into 3 groups. 

 

 

Fig. 8. Distribution of callosal oligodendrocytes analyzed for myelination on 

axons derived from specific brain areas. 

 

Schematic drawing for distribution of callosal oligodendrocytes analyzed for 

myelination on axons derived from specific brain areas, that are identical to 

oligodendrocytes in Fig. 7, A and B. Oligodendrocytes dominantly ensheathed axons 

derived from motor or sensory cortex (area 1 or 9 in Fig.7, A and B) were indicated by 

red or blue color, respectively. Oligodendrocytes evenly myelinated axon derive from 

each brain area (area 2 – 8 in Fig. 7, A and B) were indicated by green color. 

 

 

Fig. 9.  Two-dimentional dot histogram analysis of myelination of motor axons 

and sensory axons by each oligodendrocyte. 

 

Oligodendrocytes were chosen as mentioned figure legend 7A.. Each circle indicates 

myelination ratio of each oligodendrocyte on motor axons and sensory axons. Average 

myelination ratio of motor axons and sensory axons represented by red dots. * p < 

0.05 Student’s t test; n = 58. Error bar indicates SEM. 

 

 

Fig. 10. Callosal oligodendrocyte myelination on axons derived from each 

hemisphere. 

 

To confirm callosal oligodendrocyte myelination on axons derived from identical brain 
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area of left or right hemispheres, AAV2-BFP or AAV2-DsRed2 were injected into 

somatosensory cortex (S1 hind limb) of left or right hemispheres. (A) Myelination 

ratio of each oligodendrocyte for axons derived from both hemispheres was plotted as 

blue dots (n = 28). Oligodendrocytes that were able to interact with over 5 each axons 

extended from each hemisphere and it ensheathed over 3 labeled-axons were chosen to 

be analyzed. Graph area was divided into 9 areas for histogram analysis of 

oligodendrocyte distribution in myelinated axons derived from identical brain area of 

left or right hemispheres. Oligodendrocytes in Area 1 or 9 mean oligodendrocytes 

dominantly (> about 5-folds compared with axons derived from another hemisphere) 

or only ensheathed motor axons or sensory axons, respectively. Oligodendrocytes in 

Area 2-4 or 8-6 mean whose myelination biased toward axons derived from right or 

left hemisphere, respectively. Oligodendrocytes in Area 5 mean these oligodendrocytes 

evenly ensheathed axons derived from both hemisphere. (B) Histogram for the number 

of oligodendrocytes in each 9 area as shown in Fig. 10A. The histogram showed 

uniform distribution of oligodendrocytes. (C) Average of myelination ratio of each 

oligodendrocyte on labeled-axons derived from left or right hemispheres. n. s. is the 

abbreviation of no sense (p = 0.57, Student’s t test; n= 28. Error bar indicates SEM). 

 

 

Fig. 11. Schematic drawing and time course of viral injection to analyze chiasmal 

myelination. 

 

To analyze chiasmal myelination, AAV2-BFP or AAV2-DsRed2 was injected into left 

or right eyeballs. RV-GFP was then injected into the optic chiasm 10 days after AAV2s 

injection. The mice were sacrificed 4 days after RV-GFP injection. 
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Fig. 12. Myelination of axons derived from left or right eyeballs by chiasmal 

oligodendrocytes. 

 

(A) Myelination ratio of each oligodendrocyte on axons derived from right or left 

eyeballs was calculated and plotted (n = 50). Oligodendrocytes were chosen to be 

analyzed as mentioned in the figure legend 10. Graph area was divided into 9 areas for 

the histogram analysis of oligodendrocyte distribution as mentioned figure legend 10. 

(B) Histogram for the number of oligodendrocytes in each 9 area was shown in Fig. 

12A. The data indicate a half of (50.0%) chiasmal oligodendrocytes dominantly or 

only myelinate axons derived from one eye. 

 

 

Fig. 13. Time course of eyelid suturing and viral injection. 

 

One of mouse eyelids were trimmed and sutured at postnatal day 10. AAV2-BFP or 

AAV2-DsRed2 was injected into left or right eyeballs 4 weeks after eyelid suturing. 

RV-GFP was then injected into the optic chiasm 10 days after AAV2s injection. Mice 

were fixed 4 days after RV-GFP injection. 

 

 

Fig. 14. Optic nerve and oligodendrocytes were labeled by AAV2s and RV-GFP in 

the optic chiasm. 

 

(A) Low-power field of the optic chiasm. Axons derived from each eyeball were 

labeled by AAV2-BFP or AAV2-DsRed2, and then oligodendrocytes were labeled by 

RV-GFP. (B-C) High magnification images of oligodendrocytes and axons derived 

from each eyeball. 
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Fig. 15. Myelination of axons derived from sutured and intact eye. 

 

(A) Myelination ratio of each oligodendrocyte on axons derived from intact or sutured 

eyes was calculated and plotted (n = 50). Oligodendrocytes were chosen to be 

analyzed as mentioned in the figure legend 10. Graph area was divided into 9 areas for 

histogram analysis of oligodendrocyte distribution. Oligodendrocytes in Area 1 mean 

oligodendrocytes dominantly (> about 5-folds compared with axons derived from 

sutured eye) or only ensheathed axons derived from intact eye. Oligodendrocytes in 

Area 2-4 or 8-6 mean whose myelination biased toward axons derived from intact or 

sutured eye, respectively. Oligodendrocytes in Area 5 mean these oligodendrocytes 

evenly ensheathed axons derived from both hemisphere. Oligodendrocytes in Area 9 

mean oligodendrocytes dominantly (> about 5-folds compared with axons derived 

from intact eye) or only ensheathed axons derived from sutured eye. (B) Histogram for 

the number of oligodendrocytes in each 9 area shown in Fig. 15A. (C) Average of 

myelination ratio of each oligodendrocyte on labeled-axons derived from intact or 

sutured eyes. n.s. is the abbreviation of no sense (p = 0.79, Student’s t test; n = 50. 

Error bar indicates SEM).  
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